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飼料用イネ専用品種の開発もおこなわれ 5, 14, 19, 25, 31），ロー
ルベールラップサイレージとする収穫調製体系 33, 34）や，
TMR中の輸入乾草をイネホールクロップサイレージと代























れを 9月 28日（乳熟期，出穂後 11日），10月 6日（糊
































31日），9月 22日（クサホナミ，出穂後 32日），9月 9


























































































































Table 2.  Fermentation characteristics of whole crop rice silages
pH
Organic acid composition, %Fresh matter
VBN/TN, % V-SCORE
Lactic acid Acetic acid Propionic acid Butyric acid
Experiment 1 (comparison of ripeness stages)
　Milk ripeness 4.0 1.3 0.5 0.0 0.1 8.2 83
　Dough ripeness 3.9 1.1 0.5 0.0 0.0 6.5 91
　Yellow ripeness 4.1 1.0 0.5 0.0 0.0 6.2 95
Experiment 2 (comparison of varieties)
　Hamasari 4.3 0.2 0.7 0.1 0.3 9.5 61
　Kusahonami 4.2 0.5 0.6 0.0 0.0 5.4 94
　Hoshiaoba 4.3 0.5 0.6 0.0 0.1 5.6 90
　Kusayutaka 4.2 0.7 0.5 0.0 0.0 4.0 95
Experiment 3 (comparison of cutting length)
　Long 4.8 0.3 0.7 0.1 0.2 2.5 78
　Short 4.5 0.6 0.6 0.1 0.4 2.6 61
　In the experiment 1, rice plant"Hamasari" was harvested and ensiled at each stages. In the experiment 2, rice plant "Hamasari", "Kusahonami", "Hoshiaoba" 
and "Kusayutaka" were harvested at yellow ripeness and ensiled. In the experiment 3, rice plant "Momiroman" was  harvested by combined type harvester 
(Long) or round baler for chopped material (Short) and ensiled. VBN/TN, volatile basic nitrogen/total nitrogen.
Table 1.  Chemical composition of whole crop rice silages
Item






ripe stage Hamasari Kusahonami Hoshiaoba Kusayutaka Long Short
DM, % 26.0 23.6 29.1 27.5 39.4 35.5 40.4 32.3 31.4
OM, %DM 83.2 83.1 83.9 81.4 85.4 84.1 82.3 86.8 85.9
CP 8.8 8.8 8.3 5.6 4.8 5.9 5.0 8.0 8.2
NFC 15.8 18.4 28.6 22.5 25.2 29.9 29.0 25.9 25.2
Starch 7.2 11.1 17.1 13.2 16.0 18.4 17.6 16.3 15.9
EE 3.3 3.3 3.0 2.6 2.5 2.7 2.3 3.0 3.0
NDF 55.3 52.6 44.0 50.7 52.9 45.5 46.1 49.9 49.6
ADF 36.4 34.4 29.5 33.1 32.4 29.9 29.0 32.6 31.3
CA 16.9 17.0 16.1 18.6 14.6 15.9 17.7 13.2 14.1
Gross energy, Mcal/kgDM 4.05 4.05 4.01 3.82 3.93 3.90 3.75 4.15 4.10
　In the experiment 1, rice plant "Hamasari" was harvested and ensiled at each stages. In the experiment 2, rice plant "Hamasari", "Kusahonami", "Hoshiaoba" 
and "Kusayutaka" were harvested at yellow ripeness and ensiled. In the experiment 3, rice plant "Momiroman" was harvested by combined type harvester 
(Long) or round baler for chopped material (Short) and ensiled. DM, dry matter. OM, organic matter. CP, crude protein. NFC, nonﬁbrous carbohydrates. EE, 















































Table 3.  Ingredients and chemical composition of the diets
Item
--------------- Experiment 1 --------------- ------------------------ Experiment 2 ------------------------ ----- Experiment 3 -----
MILK DOUGH YELLOW HAMASARI KUSAHONAMI HOSHIAOBA KUSAYUTAKA LONG SHORT
Ingredient composition, %DM
　Whole crop rice silage 93.5 92.2 91.0 97.5 97.5 97.5 97.5 96.9 97.0
　Soybean meal 6.6 7.9 9.1
　Urea 1.8 1.8 1.8 1.8 1.2 1.0
　Mineral mix 0.8 0.8 0.8 0.8 2.0 2.0
Chemical composition, %DM
　OM 83.8 83.9 84.8 81.2 85.0 83.7 82.0 85.2 84.4
　CP 11.6 12.2 12.3 10.4 9.7 10.8 9.8 11.1 10.9
　NFC 16.1 18.6 27.9 22.0 24.6 29.2 28.3 25.1 24.4
　Starch 6.8 10.3 15.6 12.8 15.6 17.9 17.2 15.7 15.4
　EE 3.3 3.3 3.0 2.6 2.4 2.6 2.2 2.9 2.9
　NDF 52.8 49.8 41.6 49.5 51.6 44.4 44.9 48.3 48.1
　ADF 34.7 32.5 27.7 32.3 31.6 29.2 28.3 31.5 30.3
　CA 16.2 16.1 15.2 18.8 15.0 16.3 18.0 14.8 15.6
　Gross energy, Mcal/kgDM 4.1 4.1 4.1 3.8 3.9 3.8 3.7 4.0 4.0
　In the experiment 1 , MILK, DOUGH and YELLOW represent the experimental diets composed by whole crop rice silages harvested at milk ripeness, 
dough ripeness and yellow ripeness, respectively. In the experiment 2, HAMASARI, KUSAHONAMI, HOSHIAOBA and KUSAYUTAKA represent the 
experimental diets composed  by the varieties of whole crop rice silages harvested at yellow ripeness. In the experiment 3, LONG and SHORT represent the 
experimental diets composed by the whole crop rice silages ensiled by combined type harvester and round baler for chopped material, respectively, DM, dry 












Table 4.  Dry  matter intake(DMI), digestibilities and energy 
metabolism in cows fed whole crop rice silage 





Body weight, kg 637a 623b 613c 1 0.01
DMI, kg/day 9.25a 8.33b 8.23b 0.06 0.05
Digestibility, %
　DM 48.6 50.6 53.1 1.2 NS
　OM 56.1 58.2 59.5 0.9 NS
　CP 67.2 67.1 65.8 0.6 NS
　NFC 78.4b 84.0a 86.5a 0.6 0.05
　Starch 90.5 89.6 89.0 2.9 NS
　EE 63.4 63.9 66.0 0.9 NS
　NDF 46.2 45.3 38.8 1.3 0.10
　ADF 48.7 47.0 43.2 0.9 0.10
GE, Mcal/day 37.9a 34.2b 33.5b 0.3 0.05
FE, %GE 45.1 43.1 41.5 0.9 NS
UE, %GE 4.4 4.0 3.8 0.1 NS
Methane, %GE 6.7 7.0 7.5 0.2 NS
HP, %GE 43.7 72.9 42.5 1.0 NS
RE, Mcal/day 0.0 3.1 4.8 0.4 NS
DE/GE 0.55 0.57 0.59 0.01 NS
ME/GE 0.44 0.46 0.47 0.01 NS
km 0.610 0.703 0.725 0.021 NS
HI, Kcal/
kgBW0.75/day
53.1a 40.0ab 38.0b 1.9 0.05
MEm, kcal/
kgBM0.75/day
132.1 114.2 110.7 4.4 NS
MILK, DOUGH and YELLOW represent the experimental diets 
composed by whole crop rice silages harvested at milk ripeness, 
dough ripeness and yellow ripeness, respectively. DM, dry 
matter. OM, organic matter. CP, crude protein. NFC, nonﬁbrous 
carbohydrates. EE, ether extracts. NDF, neutral detergent ﬁber. 
ADF, acid detergent ﬁber. GE, gross energy. FE, fecal energy. 
UE, urinary energy. HP, heat production. RE, retained energy. 
DE, digestible energy. ME, metabolisable energy. km, ME 
availability for maintenance energy. HI, heat increment (HI=HP-
77.7kcal/kg metaboric body weight/day), MEm, metabolisable 
energy requirement for maintenance. SEM, strandard error of 
means.NS, not signiﬁcant. Means within rows with diifferent 
letters are signiﬁcantly different. 
Table 5. Ruminal l iquor pH, volatile fatty acid (VFA) 
composition and chewing activities in cows fed 





pH 6.7 6.8 6.7 0.1 NS
Ammonia-N, mg/100ml 11.8 12.9 9.6 0.9 NS
Total VFA, mmol/L 85.3 84.0 84.2 4.3 NS
Acetate, mol/100mol 64.1b 66.9a 67.1a 0.4 0.05
Propionate, mol/100mol 20.7a 19.9a 17.1b 0.4 0.01
Butyrate, mol/100mol 12.1a 10.2b 13.1a 0.4 0.01
Acetate:propionate 3.1b 3.4b 3.9a 0.1 0.01
Eating time, min/kgDMI 31 13 10 3 0.10
Rumination time, min/kgDMI 58 56 46 2 0.10
Total chewing time, min/kgDMI 90a 69ab 56b 3 0.05
Eating time, min/kgNDFI 60 26 24 6 0.10
Rumination time, min/kgNDFI 111 114 113 4 NS
Total chewing time, min/kgNDFI 171 140 137 8 NS
MILK, DOUGH and YELLOW represent the experimental 
diets composed by whole crop rice silages harvested at milk 
ripeness, dough ripeness and yellow ripeness, respectively. 
DMI, dry matter intake. NDFI, neutral detergent ﬁber intake. 
SEM, standard error of means. NS, not signiﬁcant. Means 
within rows with different letters are signiﬁcantly different.
Table 6.  Diegestible nutrient contents and nutritive values 










Digestible nutrient contents, %
　DOM 47.1 48.7 50.7 0.9 NS
　DCP 7.7 8.3 8.1 0.3 NS
　DNFC 12.8b 15.5ab 25.1a 1.2 0.05
　DNDF 24.4a 22.4a 16.0b 0.5 0.05
　TDN 46.8 47.9 50.0 1.2 NS
DE, Mcal/kgDM 2.13 2.20 2.25 0.05 NS
ME, Mcal/kgDM 1.68 1.75 1.80 0.06 NS
Rice plant "Hamasari" was harvested and ensiled at milk, dough and 
yellow ripe stage. DOM, digestible organic matter. DCP, digestible 
crude protein. DNFC, digestible neutral detergent ﬁber. TDN, total 
digestible nutrients. DE, digestible energy. ME, metabolisable 
energy. SEM, standard error of means. NS, not signiﬁcant. Means 
within rows with different letters are signiﬁcantly different.
7樋口ら：熟期，品種および切断長の異なるイネホールクロップサイレージを給与したウシの栄養素の利用性，第一胃内発酵および咀嚼時間
Table 7.  Dry matter intake (DMI), digestibilities and energy metabolism in cows fed diets composed by the varieties of whole crop rice 




HAMASARI KUSAHONAMI HOSHIAOBA KUSAYUTAKA
Body weight, kg 616 612 611 615 2 NS
DMI, kg/day 7.55 7.75 7.75 7.74 0.09 NS
Digestibility, %
　DM 48.0b 54.2a 55.7a 53.0a 1.0 0.01
　OM 54.8b 59.6a 61.6a 61.2a 0.9 0.01
　CP 67.9 68.6 70.0 69.7 0.6 NS
　NFC 86.4c 89.7b 93.2a 93.5a 0.4 0.01
　Starch 93.4b 95.2a 96.2a 96.8a 0.4 0.01
　EE 59.2b 61.0b 65.6a 57.1b 0.9 0.01
　NDF 42.3 47.5 42.9 43.6 1.4 NS
　ADF 45.6 48.9 46.9 42.5 3.4 NS
GE, Mcal/day 28.5b 30.1a 29.8ab 28.6ab 0.3 0.05
FE, %GE 46.8a 42.7ab 40.2b 40.7b 0.9 0.10
UE, %GE 3.3 3.2 3.3 3.2 0.1 NS
Methane, %GE 7.8 8.5 8.8 8.9 0.2 0.10
HP, %GE 52.5 48.3 50.8 50.9 1.0 NS
RE, Mcal/day -2.9b -0.8a -0.9a -1.1ab 0.4 0.05
DE/GE 0.53b 0.57ab 0.60a 0.59ab 0.01 0.01
ME/GE 0.42b 0.46ab 0.48a 0.47ab 0.01 0.01
km 0.584 0.660 0.628 0.653 0.021 NS
HI, Kcal/kgBW0.75/day 42.9 40.4 45.5 40.6 1.9 NS
MEm, kcal/kgBW0.75/day 138.8 122.2 127.9 123.1 4.4 NS
HAMASARI, KUSAHONAMI, HOSHIAOBA and KUSAYUTAKA represent the experimental diets composed by the varieties of whole crop rice silages 
harvested at yellow ripeness. DM, dry matter. OM, organic matter. CP, crude protein. NFC, nonﬁbrous carbohydrates. EE, ether extracts. NDF, neutral 
detergent ﬁber. ADF, acid detergent ﬁber. GE, gross energy. FE, fecal energy. UE, urinary energy. HP, heat production. RE, retained energy. DE, digestible 
energy. ME, metabolisable energy. km, ME availability for maintenance energy. HI, heat increment (HI=HP-77.7 kcal/kg metaboric body weight/day), 
MEm, metabolisable energy requirement for maintenance. SEM, standard error of means. NS, not signiﬁcant. Means within rows with different letters are 
signiﬁcantly different.
Table 8.  Ruminal liquor pH, volatile fatty acid (VFA) composition and chewing activities of cows fed diets composed by the varieties of 




HAMASARI KUSAHONAMI HOSHIAOBA KUSAYUTAKA
pH 6.9 6.9 6.9 6.9 0.1 NS
Ammonia-N, mg/100ml 11.9 12.5 11.0 11.5 1.0 NS
Total VFA, mmol/L 78.0 80.5 79.1 78.9 3.9 NS
Acetate, mol/100mol 72.0 71.6 71.8 70.6 0.4 NS
Propionate, mol/100mol 15.1b 15.4ab 15.0b 16.4a 0.2 0.05
Butyrate, mol/100mol 9.4 9.1 9.0 9.5 0.3 NS
Acetate : propionate 4.9a 4.7ab 4.8a 4.3b 0.1 0.05
Eating time, min/kgDMI 25a 17b 16b 18b 1 0.01
Rumination time, min/kgDMI 70a 62b 63b 62b 1 0.01
Total chewing time, min/kgDMI 95a 79b 79b 80b 1 0.01
Eating time, min/kgNDFI 52a 33b 35b 40ab 3 0.05
Rumination time, min/kgNDFI 142a 121b 142a 138a 2 0.01
Total chewing time, min/kgNDFI 194a 153b 177a 179a 4 0.01
HAMASARI, KUSAHONAMI, HOSHIAOBA and KUSAYUTAKA represent the experimental diets composed by the varieties of whole crop rice silages 
harvested at yellow ripeness. DMI, dry matter intake. NDFI, neutral detergent ﬁber intake. SEM, standard error of means. NS, not signiﬁcant. Means within 










Table 9.  Digestible nutrient contents and nutritive values of 4 varieties of whole crop rice silage in experiment 2
Table 10.  Dry matter intake (DMI), digestibilities and energy 
metabolism in cows fed 2 different cutting length 





Body weight, kg 600 602 1 NS
DMI, kg/day 8.67 9.01 0.25 NS
Digestibility, %
　DM 54.7 53.1 1.1 NS
　OM 60.3 58.7 1.0 NS
　CP 67.1 63.3 0.9 0.10
　NFC 90.6 89.4 0.4 NS
　Starch 97.0 96.4 0.4 NS
　EE 66.1 63.2 0.2 0.01
　NDF 44.0 43.6 1.9 NS
　ADF 45.1 43.1 2.4 NS
GE, Mcal/day 35.0 35.8 0.9 NS
FE, %GE 41.9 43.5 0.9 NS
UE, %GE 3.9 3.7 0.1 NS
Methane, %GE 6.7 7.0 0.3 NS
HP, %GE 41.8 42.8 0.4 NS
RE, Mcal/day 5.9 3.1 1.2 NS
DE/GE 0.58 0.57 0.01 NS
ME/GE 0.48 0.46 0.01 NS
km 0.707 0.658 0.013 NS
HI, Kcal/kgBW0.75/day 43.8 48.5 2.2 NS
MEm, kcal/kgBW0.75/day 115.2 123.0 2.4 NS
LONG and SHORT represent the experimental diets composed by 
the whole crop rice silages ensiled by combined type harvester and 
round baler for chopped material, respectively. OM, organic matter. 
CP, crude protein. NFC, nonﬁbrous carbohydrates. EE, ether extracts.
NDF, neutral detergent ﬁber. ADF, acid detergent ﬁber. GE, gross 
energy. FE, fecal energy. UE, urinary energy. HP, heat production. 
RE, retained energy. DE, digestible energy. ME, metabolisable 
energy. km, ME availability for maintenance energy. HI, heat 
increment (HI=HP-77.7 kcal/kg metaboric body weight/day), MEm, 
metabolisable energy requirement for maintenance. SEM, standard 
error of means. NS, not signiﬁcant. Means within rows with different 
letters are signiﬁcantly different.
Item Hamasari Kusahonami Hoshiaoba Kusayutaka SEM Signiﬁcance
Digestible nutrient contents, %
　DOM 45.3b 51.4a 52.3a 50.9a 0.8 0.01
　DCP 7.1b 6.7c 7.6a 6.9bc 0.1 0.01
　DNFC 15.8c 18.7b 23.9a 23.1a 0.6 0.01
　DNDF 20.8b 24.5a 19.1b 19.6b 0.7 0.01
　TDN 47.2b 53.3a 54.4a 52.5a 0.8 0.01
DE, Mcal/kgDM 2.01b 2.24a 2.31a 2.21ab 0.04 0.01
ME, Mcal/kgDM 1.58b 1.77a 1.84a 1.74ab 0.03 0.01
 Rice plant "Hamasari", "Kusahonami", "Hoshiaoba", and "Kusayutaka" were harvested and ensiled at yellow ripe stage. DOM, digestible organic matter. 
DCP, digestible crude protein. DNFC, digestible neutral detergent ﬁber. TDN, total digestible nutrients. DE, digestible energy. ME, metabolisable energy. 
SEM, standard error of means. NS, not signiﬁcant. Means within rows with different letters are signiﬁcantly different.
Table 11.  Ruminal liquor pH, volatile fatty acid (VFA) 
composition and chewing activities in cows 
fed 2 different cutting length of whole crop rice 





pH 6.9 7.0 0.1 NS
Ammonia-N, mg/100ml 12.4 13.3 1.1 NS
Total VFA, mmol/L 79.8 79.9 3.2 NS
Acetate, mol/100mol 72.4 70.7 1.1 0.05
Propionate, mol/100mol 15.8 16.6 1.1 NS
Butyrate, mol/100mol 9.4 10.1 0.3 NS
Acetate : propionate 4.7 4.4 0.4 NS
Eating time, min/kgDMI 18 12 3 NS
Rumination time, min/kgDMI 54 55 4 NS
Total chewing time, min/kgDMI 72 67 7 NS
Eating time, min/kgNDFI 38 24 7 NS
Rumination time, min/kgNDFI 114 115 10 NS
Total chewing time, min/kgNDFI 151 139 17 NS
LONG and SHORT represent the experimental diets composed by 
the whole crop rice silages ensiled by combined type harvester and 
round baler for chopped material, respectively. DMI, dry matter 
intake. NDFI, neutral detergent ﬁber intake. SEM, standard error of 











































































Table 12.  Digestible nutrient contents and nutritive values of 
2 different cutting length of whole crop rice silage 
in experiment 3
Item Long Short SEM Signiﬁcance
Digestible nutrient contents, %
　DOM 51.4 49.6 0.8 NS
　DCP 7.4 6.9 0.1 0.10
　DNFC 22.7 21.8 0.1 0.05
　DNDF 21.3 21.0 0.9 NS
　TDN 53.8 51.9 0.9 NS
DE, Mcal/gDM 2.43 2.32 0.03 NS
ME, Mcal/kgDM 1.99 1.88 0.03 NS
Long and Short represent the whole crop rice silages ensiled by 
combined type harvester and round baler for chopped material, 
respectively. DOM, digestible organic matter. DCP, digestible 
crude protein. DNFC, digestible neutral detergent ﬁber. TDN, total 
digestible nutrients. DE, digestible energy. ME, metabolisable 
energy. SEM, standard error of means. NS, not signiﬁcant. Means 
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　　Three experiments were conducted using non-pregnant dry cows to evaluate feed characteristics of whole crop rice 
silages (WCRS) by making digestible and metabolism trials, examining ruminal liquor characteristics, and monitoring 
chewing behavior.  We examined grain ﬁlling (milk ripe stage, dough ripe stage, and yellow ripe stage) of WCRS in the 
ﬁrst experiment, varieties (Hamasari, Kusahonami, Hoshiaoba, and Kusayutaka) using WCRS harvested at the yellow ripe 
stage in the second experiment, and cutting lengths (LONG and SHORT) using WCRS harvested at the yellow ripe stage 
in the third experiment.  With grain ﬁlling, WCRS lose digestible neutral detergent ﬁber (NDF) content and chewing time 
per kg of dry matter (DM) intake, whereas the digestible nonﬁbrous carbohydrates (NFC) content of WCRS increased. 
There was a tendency for total digestible nutrients (TDN) content to increase with grain ﬁlling.  Kusahonami, Hoshiaoba, 
and Kusayutaka have higher TDN contents and shorter chewing time than those of Hamasari.  Hoshiaoba and Kusayutaka 
also have higher digestible NFC content, whereas Kusahonami has higher digestible NDF content and shorter chewing 
time per kg NDF intake, indicating a higher amount of available ﬁber.  WCRS with a long cutting length has higher 
digestible NFC content, but there was no difference in TDN content between long and short cutting lengths.  There was 
no remarkable difference in ruminal liquor characteristics of the cows fed WCRS, but the ruminal fermentation typically 
represented forage-type fermentation.  These results indicate that WCRS had almost the same nutritive values in terms of 
varieties and cutting length at the yellow ripe stage in this study.
　Key words : whole crop rice silage, cow, nutritive value, ruminal fermentation, chewing time
Effects of grain ﬁlling, variety and cutting length of whole crop rice silage 
on nutrient utilization, ruminal fermentation and chewing time in dry cows
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